Cardiovascular disease causes significant morbidity angiotensinogen genes genotypes in Chinese dialysis patients.
ular hypertrophy (LVH) is highly prevalent in patients are associated with increased risk of hypertension and left with ESRD [1] and is a strong predictor for mortality in ventricular hypertrophy (LVH) in hypertensive subjects. Howpatients on maintenance dialysis [2] . On the other hand, ever, the extent to which these polymorphisms are related to LVH and remodeling in dialysis patients remains unknown.
abnormal left ventricular (LV) geometry is also associMethods. Two hundred and forty-six end-stage renal disease ated with poor outcome in chronic dialysis patients [3] (ESRD) patients on peritoneal dialysis and 183 control suband predicts cardiovascular events in hypertensive pajects, all of Chinese origin, were genotyped for the ACE insertients [4, 5] . The pathogenesis of LVH in dialysis patients tion/deletion (I/D) and the AGT M235T gene polymorphisms.
involved a multitude of risk factors, including systolic
Left ventricular mass index (LVMi) and relative wall thickness hypertension, anemia, increasing age, and duration of were measured using echocardiography.
Results. Prevalence of ACE DD and AGT TT genotype was dialysis [6, 7] . Recent study showed that the renin-angio-14% and 83%, respectively, in ESRD patients and did not tensin system (RAS) has an independent direct role in differ significantly from controls. A total percentage of 95%
promoting cardiac growth and remodeling through blood of our patients had LVH (171 with concentric and 63 with ecpressure regulation as well as through the local cardiac centric hypertrophy). Adjusting for age, gender, body mass in-RAS. Expression of angiotensin II is up-regulated in the dex, duration of dialysis, diabetes, renal diagnosis, hematocrit, presence of volume or pressure overload [8, 9] [24, 25] .
extending at 72ЊC for a total of 30 cycles. Electrophoresis of the amplified products in 2% agarose gel allowed Given the marked interethnic difference in the frequencies of the RAS polymorphisms and the high prevalence detection of a 190 base pair (bp) fragment (deletion, D allele) and of a 490 bp fragment (insertion, I allele). of LVH in dialysis population, this study was carried out to determine the relationships between polymorphisms Mistyping between the DD and DI genotypes was overcome by a second, allele-specific PCR, which identified of the ACE I/D gene and AGT M235T gene and LV parameters in Chinese ESRD patients treated by peritothe presence or absence of I allele. The AGT M235T gene polymorphism was detected neal dialysis.
by PCR amplification followed by restriction enzyme digestion [25] . The amplification used the following primers: 5Ј-METHODS CAG GGT GCT GTC CAC ACT GGA CCC-3Ј and Study population 5Ј-CCG TTT GTG CAG GGC CTG GCT CTC T-3Ј.
Reactions were carried out in 25 L volumes under stanThe population of this study included 246 continuous ambulatory peritoneal dialysis (CAPD) patients (126 men dard conditions (1.5 mmol/L MgCl 2 , 50 mol/L of each dNTP, 10 mmol/L Tris/HCl, 50 mmol/L KCl, 1 mol/L and 120 women), all of Chinese origin, who had been on regular dialysis treatment for at least 3 months at the primers, 1 U Taq DNA polymerase per sample) with a Cetus thermocycler and 1 minute denaturing at 94ЊC, 1 Prince of Wales Hospital in Hong Kong were considered eligible for the study and represented about 88% of the minute annealing at 68ЊC and 1 minute extending at 72ЊC for a total of 30 cycles. The amplified product was then whole peritoneal dialysis population in our hospital. Patients excluded from this study included those with undigested by 1 U Tth III at 65ЊC for 3 hours, and the digested fragments were separated by electrophoresis in derlying valvular heart disease, congenital heart disease, and those who refused to participate. There were 183 2.5% agarose gel, which revealed a nondigested band of 165 bp (M allele) and/or of 141 bp (T allele) and 24 bp. healthy Hong Kong Chinese subjects with no underlying diabetes, hypertension, or renal disease who were recruited Echocardiography as controls. The study was approved by the Clinical Research Ethics Committee of the Chinese University of Echocardiography was performed with the patient lying in the left lateral decubitus position, using a GEHong Kong. Informed consent was obtained from all study subjects.
VingMed System V echocardiographic machine (GEVingMed Sound AB, Horten, Norway) and a 3. 
Determination of ACE and AGT genotypes
Patterns of LV geometry The ACE genotype was determined by polymerase chain reaction (PCR), using the primers and methods Relative wall thickness (RWT) was measured at end diastole as the ratio of two times PWd to LVedd [4] . described by Cambien et al [18] . Briefly, the ACE I/D gene polymorphism was determined by PCR using prim-RWT of 0.45 or above was considered to be abnormally (25) 68 (28) renal diagnosis, duration on dialysis, presence of diabetes,
ischemic heart disease, history of heart failure, and athero- . Systolic and diastolic blood pressure measured pressure, hematocrit, dialysis urea clearance, residual every follow-up at 8 weekly intervals were averaged for GFR, and use of converting enzyme inhibitor or angiothe 12 months preceding echocardiography. Hemoglobin tensin receptor antagonist. Both ACE and AGT genoand hematocrit measured at 8 weekly intervals were avtypes were recoded into binary variables (that is, 0 and eraged for the 12 months preceding echocardiography.
1) before entering the regression model. Interaction beTypes of antihypertensive medication, including angiotween the ACE DD and the AGT TT genotype was tensin-converting enzyme (ACE) inhibitor or angiotentested by including the "interaction term" in the regressin receptor antagonist taken by patients were recorded. sion models. A P value of less than 0.05 (two-tailed) was considered statistically significant.
Dialysis parameters
Total weekly urea clearance (Kt/V) and creatinine clearance were measured using standard methods [29] . RESULTS Dialysate creatinine concentration was corrected for in-ACE I/D and AGT M235T gene polymorphism of terference by glucose according to reference formula deter-ESRD patients and healthy controls mined in our laboratory [30] . Contribution of urea clear-
The ACE I/D and AGT M235T genotypes and allele ance by peritoneal dialysis was estimated separately. frequencies in Chinese control subjects and ESRD paResidual glomerular filtration rate (GFR) was calculated tients are shown in Table 1 . All genotype frequencies as an average of the 24-hour urinary urea and creatinine were in agreement with the frequencies predicted by clearance [31] . Total body water (V) was derived using the Hardy-Weinberg equilibrium. The frequencies of the Watson formula [32] .
ACE and AGT genotypes were not different between Statistical analysis control subjects and ESRD patients. A very high frequency of the AGT T allele (Ͼ80%) was noted in ChiStatistical analysis was performed using SPSS statistinese. Only five patients in control group and two patients cal software version 10.0 (Chicago, IL, USA). Continuin ESRD group have MM genotype. In view of the low ous data were expressed as mean Ϯ SD while categorical prevalence of MM genotype in Chinese, patients of MM data as number (%). Comparisons between groups were genotype were combined with MT genotype as a group performed using one-way ANOVA (analysis of varifor comparison with patients of TT genotype. ance) or chi-squared test, as appropriate, and multiple comparisons adjusted by Bonferroni post-hoc test. The Clinical, biochemical, dialytic, and echocardiographic independent associations of the ACE DD and the AGT characteristics of ESRD patients TT genotypes with LVMi and RWT were evaluated usAmong the 246 patients, 73 patients (30%) had diabeing multiple linear regression analysis with adjustments tes mellitus. The prevalence of diabetes in our study for confounding covariates. These included age, gender, body mass index, duration, diabetes mellitus, underlying population was representative of the Hong Kong perito- neal dialysis population [29] . Our patients were dialyzed slightly more men (P ϭ 0.084), fewer diabetics (P ϭ 0.187), and more patients with hypertensive nephrosclefor a mean Ϯ SD duration of 37 Ϯ 29 months. The mean Ϯ SD body weight and height was 58 Ϯ 11 kg and rosis as the cause of ESRD (P ϭ 0.027) among those of DD genotype than DI and II genotypes. Weekly Kt/V, 1.58 Ϯ 0.08 m, respectively. The mean hemoglobin and hematocrit were 9.3 Ϯ 1.5 g/dL and 0.28 Ϯ 0.05%. The creatinine clearance, and residual GFR were not significantly different for patients with DD, DI, and II genoaverage total weekly and peritoneal dialysis Kt/V was 1.87 Ϯ 0.46 and 1.53 Ϯ 0. 35 Table 3 summarizes the clinical, biochemical, dialytic, and echocardiographic features of patients with different LVMi, among which five patients had normal LV geometry and seven patients had concentric remodeling.
AGT genotypes. There were more diabetics having MT/MM than TT genotypes (P ϭ 0.042). Patients with Clinical, biochemical, dialytic, and echocardiographic TT genotype showed a trend toward higher hemoglobin parameters in relation to ACE I/D genotypes and hematocrit. Systolic and diastolic blood pressure was not significantly different between patients with TT and The clinical, biochemical, dialytic, and echocardiographic characteristics of ESRD patients with DD, DI, MT/MM genotypes. Weekly Kt/V, creatinine clearance, and residual GFR did not differ significantly between and II genotypes were shown in Table 2 . There were This study was the first to demonstrate an association statistical significance, as well as greater IVSd, LVPWd, of the TT genotype of the AGT gene with LV mass and and RWT than those with MT/MM genotypes. Among LV remodeling in Chinese ESRD patients, independent patients with increased LVMi, the prevalence of TT geof other covariates. However, no significant association notype was higher for patients with concentric versus was noted between DD genotype of the ACE gene and eccentric LVH (76% vs. 60%; P ϭ 0.018).
LV mass or LV geometric patterns. Like LVH, LV geometric pattern was an important prognostic indicator ACE I/D and AGT M235T gene polymorphisms in [3] [4] [5] . Presence of LVH with abnormal RWT, indicating relation to LV mass index and relative wall thickness concentric LVH, conferred the highest risk for all-cause Using multiple linear regression analysis, male gender, mortality and cardiac mortality [3] [4] [5] . However, concenbody mass index, duration of dialysis, hematocrit, and tric remodeling was not associated with an increased risk systolic blood pressure were each significantly related to of death [33] , suggesting that the predictive value of LVMi. Only duration of dialysis was significantly related RWT was not as strong as LV mass. to RWT. ACE DD genotype was not significantly related
The relationships between the ACE gene polymorto LVMi and RWT. AGT TT genotype was indepenphism and LV mass and remodeling had been extensively dently associated with an increased LVMi (coefficient ϭ investigated in different populations, but yielded con-28.73; 95% CI, 5.72 to 51.75; P ϭ 0.015; Table 4 ) and flicting results. Although some studies showed significant RWT (coefficient ϭ 0.072; 95% CI, 0.022 to 0.122; P ϭ association between the DD genotype of the ACE gene 0.005; Table 5 ). No significant interaction was observed and LV mass and remodeling in nonrenal failure populabetween ACE DD genotype and AGT TT genotype in tion [16, 19, [34] [35] [36] , other showed no genetic linkage between the ACE gene and LV mass [37] . Among the relation to LVMi (P ϭ 0.85) and RWT (P ϭ 0.14). Abbreviations are: CEI, converting-enzyme inhibitor, ARB, angiotensin-receptor blocker; Kt/V, urea clearance; ACE, angiotensin-converting enzyme; AGT, angiotensinogen.
four (including ours) studies conducted in dialysis parelevant than the ACE I/D gene in influencing the susceptibility to LVH in Chinese ESRD patients. Recent tients, the study by Osono et al [19] showed that the DD genotype of the ACE gene was related to LV mass in study demonstrated an independent association between the TT genotype of the AGT gene and greater LVMi in dialysis patients when a highly correlative factor, hypertension, was excluded. The other two studies, one in Caucasians with hypertension [40] , providing evidence of genetic linkage between the AGT gene and LV mass. Japanese [38] and the other in Turkish patients [39] , together with our current study, all gave negative results.
The functional significance of the AGT M235T gene polymorphism may contribute to the association beThese discrepant findings are likely explained by interethnic differences in the frequencies of polymorphisms tween AGT TT genotype and LV mass and remodeling. The AGT M235T gene polymorphism regulates plasma of the RAS gene, differences in study methodologies and population groups as well as confounding factors, AGT levels in both hypertensive [41, 42] and healthy populations [43] . Those with TT genotype have the highincluding blood pressure, diabetes, and gender. The lack of association between the DD genotype and LV mass est AGT levels, while those with MM genotype the lowest. AGT is the direct precursor of angiotensin II and is in Chinese ESRD patients may be related to low prevalence of the DD genotype (only 15%) compared to Cauthe rate-limiting factor in the renin reaction [44] . Plasma AGT levels correlate with blood pressure and those with casians (35%) [22] . On the other hand, the frequency of the AGT TT genotype was much higher in Chinese high AGT levels are predisposed to hypertension [45, 46] . Previous meta-analysis showed that TT genotype was as-(83%) than Caucasians (30% to 49%) [22, 23] , suggesting polymorphisms of the AGT M235T gene may be more sociated with an increased risk of hypertension in Cauca-sians [47] . Our current study showed no significant reladiabetic patients with DD and TT genotype may decrease the likelihood of these patients entering the renal tionship between AGT M235T gene polymorphism and blood pressure, but it may be that our study was underreplacement program, hence, a lower prevalence of diabetes among peritoneal dialysis patients with DD and powered. It is also possible that TT genotype may contribute to LVH via mechanisms independent of hemody-TT genotype. Further prospective study will be needed to test this hypothesis. On the other hand, patients with namic effect. Transgenic mice, overexpressing the AGT gene in the heart developed myocardial hypertrophy in-DD genotype showed a significantly greater prevalence of hypertensive nephrosclerosis as the cause of ESRD dependent of the effect of hypertension [48] . This was evidence to indicate that local angiotensin II production than those with DI or II genotype. However, the exact implication of this observation is not known. may mediate the hypertrophic response via its trophic effects on smooth muscle cells and cardiac cells [49] .
An extremely high prevalence of LVH (95%) and more severe hypertrophy were observed in Chinese dialWe also examined possible gene-gene interaction in relation to the severity of LVH and remodeling. Theoretysis patients than Caucasians (75%) [1, 2] . The cause for this difference is unclear but it is important to note that ically, DD genotype, which is associated with increased serum ACE activity, together with TT genotype, may some of these studies [1, 2] combined both hemodialysis and peritoneal dialysis patients, and the echocardiofurther promote cardiac growth and LV remodeling by altering tissue kinin metabolism and increasing angiotengraphic data were obtained shortly after dialysis compared to 37 Ϯ 29 months on dialysis in our patients. sin II synthesis and contribute to the higher prevalence of concentric LVH and greater RWT among patients An earlier study by Takeda et al [53] showed that the prevalence of LVH was lower in hemodialysis compared with the DDTT genotype. The synergistic effect of ACE I/D and AGT M235T gene polymorphisms was indeed to peritoneal dialysis patients (65% vs. 90%). Study also suggested that long-term CAPD may be disadvantademonstrated in both athletes [50] and patients with cardiovascular disease [51] . However, in our study we geous in preserving cardiac performance and was associated with greater LVMi than both short-term CAPD found no statistical significant interaction between the ACE DD genotype and the AGT TT genotype. This and hemodialysis [54] . However, even when compared to Caucasian [2, 55] or Japanese [54] patients on longmay be because our study was not adequately powered to detect the gene-gene interactive effect with only 25 term peritoneal dialysis, the LVMi of our Chinese patients were still higher. This raised the possibility that patients having the DDTT genotype. Further study with a much larger sample size will be required to examine racial difference in the frequencies of RAS gene polymorphism may contribute to this difference in the prevapossible interactive contribution of the ACE and AGT gene polymorphisms to LV mass and remodeling in Chilence and severity of LVH. As shown in twin studies, genetic background accounted for a significant propornese ESRD patients.
Age, duration of dialysis, systolic blood pressure, and tion of the variation in LV mass [56] . The lower hemoglobin of Chinese (9.4 g/dL) ESRD patients may also partly anemia were important clinical factors associated with LVMi in our ESRD patients. However, it is intriguing account for the more severe LVH than Caucasians (10.6 g/dL) [55] . to find that the degree of hypertension and anemia had no significant association with LV remodeling. Only duNo significant difference was noted in the frequencies of the ACE D allele as well as the AGT T allele between ration of dialysis was significantly associated with RWT. The explanation for this observation is unclear but sugChinese ESRD patients and controls. This indicates that the polymorphisms of the ACE I/D gene and AGT M235T gests LV remodeling in dialysis patients occurs with increasing time on dialysis and is largely independent of gene are probably not primary candidate for susceptibility to ESRD in Chinese. Our results are in keeping with the degree of anemia and hemodynamic status. The association between the TT genotype and LVMi, as well as studies showing no increase in the prevalence of DD genotype in dialysis population as a whole [57] . Recent relative wall thickness, suggests concentric LVH in ESRD patients is not only influenced by the interaction study demonstrated a more rapid progression to ESRD with the DD genotype in the total ESRD population and of hemodynamic, metabolic, and biochemical factors but also genetic factors. An underrepresentation of the TT with the TT genotype in patients with glomerulonephritis [58] . This suggests that genes for the RAS may contribute and DD genotype was observed among our ESRD patients with diabetes mellitus. This is in keeping with to interindividual differences in the rate of progression to ESRD rather than susceptibility to ESRD. previous studies showing a lower frequency of DD genotype with increasing time on dialysis in noninsulin-depenOur study was mainly limited by the relatively small sample size, lack of adjustment for potential population dent diabetes mellitus patients [52] and raised the possibility that the DD and TT genotype may influence stratification bias, cross-sectional study design, study of prevalent instead of incident patients and also echocardisurvival by contributing to cardiovascular mortality. We hypothesized that higher cardiovascular mortality among ography was not performed at inception of dialysis. Since
